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The management of mycotic (infected) arterial
pseudoaneurysms remains challenging and contro-
versial. Infected pseudoaneurysms can produce sys-
temic sepsis, life-threatening hemorrhage, and/or
limb loss. Because these lesions are often associated
with intravenous drug use, they occur frequently in
the groin, axilla, or antecubital fossa. Direct arterial
repair is usually not feasible, because of the extensive
destruction of the arterial wall, and when it has been
attempted, it is almost universally associated with
recurrent hemorrhage and infection. Proximal and
distal arterial ligation and wide local debridement of
infected and necrotic soft tissue are necessary to
control bleeding and sepsis effectively. However, the
resulting limb ischemia may be severe, particularly
when the common femoral artery or other major
proximal limb arteries are involved. Previous reports
of ligation without arterial revascularization have
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Purpose: Mycotic pseudoaneurysms (MPA) remain challenging clinical problems.
Primary surgical management includes control of hemorrhage and debridement of the
infected arterial wall. Because critical ischemia may develop after arterial resection, revas-
cularization has been a secondary goal of treatment. Standard anatomic graft placement
or prosthetic bypass grafting has been compromised by a high rate of recurrent infec-
tion. Extra-anatomic reconstruction is preferred, with the basic goals being threefold:
(1) the use of autogenous graft material to reduce the risk of reinfection; (2) the avoid-
ance of significant size mismatches; and (3) graft placement that is anatomically inacces-
sible, because drug abuse causes many of these lesions. This study reviews a recent series
of MPAs applying these treatment goals.
Methods: In a 2-year period, the superficial femoral and proximal popliteal veins were
used in the repair of eight MPAs of the common femoral (5), common iliac (1), and
brachial (1) arteries, and the infrarenal aorta (1). Most patients (5 of 7) were known
intravenous drug users, who had a painful pulsatile mass in an injection area. Two
patients had systemic sepsis, one patient with an infected common iliac pseudoaneurysm
and one patient with an MPA of the infrarenal aorta. The diagnosis of MPA was made
by means of duplex/computed tomography scanning and confirmed by means of arteri-
ography in all cases.
Results: Obturator bypass grafting was performed by using a reversed deep leg vein in
the five femoral MPAs. An ilioiliac, cross-pelvic bypass grafting procedure with a deep
vein was used to repair an MPA of the common iliac artery. A deep vein was also used
as a “pantaloon” aortobiiliac graft and for a brachial artery repair. Staphylococcus aureus
was revealed by means of cultures in nearly all cases. Distal arterial perfusion was nor-
mal after reconstruction. Patients had no significant postoperative leg swelling. No new
venous thrombosis below the level of deep vein harvest was revealed by means of duplex
scanning. There were no septic complications.
Conclusion: The superficial femoral/popliteal veins may be particularly useful for limb
revascularization in patients with MPAs. This autogenous conduit provides an excellent
size-match and a suitable length for reconstruction, because peripheral, axial arteries are
generally affected. No clinically significant limb morbidity was related to deep vein
removal. Late follow-up is challenging in such cases, but will be required to accurately
determine the durability of this strategy. (J Vasc Surg 1999;30:1004-15.)
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shown amputation rates greater than 30%.1-3 Direct
arterial grafting through the infected area has been
associated with recurrent infection of the graft in
more than 50% of cases.3,4 When a prosthetic graft
has been used, even in an extra-anatomic location,
reinfection has been reported in nearly all cases, and
graft thrombosis occurs frequently.3 Autogenous
saphenous vein bypass grafting is more resistant to
infection, but these superficial veins are often
occluded or chronically diseased in these patients
because of earlier drug use. When available, saphe-
nous veins may be of inadequate caliber for these
reconstructions, and past studies have reported infe-
rior results.5 Deep leg veins (the superficial femoral
and popliteal veins) have been used in infrainguinal
bypass grafting for limb ischemia.6,7 More recent
reports have also demonstrated the usefulness of
deep leg veins for the arterial reconstruction
required in the treatment of aortic graft infection.8,9
Our experience with the treatment of mycotic
pseudoaneurysms with deep leg veins for limb revas-
cularization is retrospectively reviewed.
METHODS
In a 2-year period beginning in September 1996,
eight mycotic pseudoaneurysms in seven patients were
treated at the University of Maryland Medical Center.
The patients included four men and three women,
whose ages ranged from 37 to 83 years (mean age, 52
years). Six mycotic pseudoaneurysms resulted from
self-injection into the area of the affected artery (1
brachial, 5 femoral) in patients with ongoing active
substance abuse. One of these patients had undergone
a repair of bilateral femoral mycotic pseudoaneurysms
within an 18-month period. Another patient engaged
in active drug use had a mycotic pseudoaneurysm of
the common iliac artery that was presumed to be the
result of hematogenous colonization of the arterial
wall, rather than direct arterial injury.
Two of the patients with mycotic pseudo-
aneurysms had no history of substance abuse. An
infected anastomotic pseudoaneurysm developed in
the groin of one patient 2 weeks after a common
femoral endarterectomy with a prosthetic patch
angioplasty. The other patient with no history of
substance abuse had abdominal pain, fever, and
leukocytosis, and was found to have a mycotic
pseudoaneurysm of the infrarenal aorta. The cause
in this case was presumed to be hematogenous seed-
ing from an uncertain systemic source. Table I sum-
marizes the demographics and clinical characteristics
of the study group.
Diagnosis. The diagnosis of mycotic pseudo-
aneurysm was suspected clinically in all patients with
femoral or brachial artery involvement, because of the
presence of an obviously pulsatile mass with overlying
erythema and induration. In each case, the diagnosis
was confirmed with duplex ultrasound scanning (5
cases), arteriography (8 cases), or both (Fig 1). In
patients with mycotic pseudoaneurysms of the aorta
and common iliac artery, the diagnoses were made by
means of computed tomography scanning and con-
firmed by means of arteriography (Fig 2).
Patient preparation. All operations were per-
formed on an urgent basis. However, all patients were
hemodynamically stable, which allowed preoperative
venous duplex scanning. Standard color-flow venous
duplex ultrasound scanning of the deep venous system
was performed on both lower extremities to identify
acute deep venous thrombosis, venous occlusion, or
other chronic post-thrombotic changes. These exami-
nations also included a direct examination of the
greater saphenous veins in an attempt to comprehen-
sively evaluate sources of autogenous conduit for
bypass grafting. All patients initially received preopera-
tive broad-spectrum intravenous antibiotics. Antibiotic
therapy was modified postoperatively, based on the
results of blood cultures and operative cultures of the
Table I. Patient demographics and clinical characteristics 
Patient Age Side Operative Follow-up
number (years) Sex H/O IVDA involved Arteries involved culture Revascularization (months)
1 49 M Yes Left Femoral bifurcation S aureus Iliofemoral (obturator) 5.5
2 37 F Yes Right Femoral bifurcation S aureus Iliofemoral (obturator) 20
2 37 F Yes Left Femoral bifurcation S aureus Iliofemoral (obturator) 2
3 56 M Yes Right Brachial MRSA Axilobrachial graft 1
4 52 F Yes Left Common iliac S aureus Ilioilial (cross-pelvic) 2
5 83 M No Right Femoral bifurcation MRSA Ilioprofunda (obturator) 3.5
6 45 M Yes Right Femoral bifurcation S aureus Iliofemoral (obturator) 14
7 43 F No – Infrarenal aorta S pneumoniae Aortobiiliac (pantaloon) 4
H/O IVDA, History of intravenous drug abuser; M, male; F, female; S aureus, Staphylococcus aureus; MRSA, methicillin-resistant
Staphylococcus aureus; S pneumoniae, Streptococcus pneumoniae.
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affected arterial segments, which were obtained in all
patients. Patients subsequently were given a 4- to 6-
week course of intravenous antibiotics.
Surgical techniques. Because all patients
remained hemodynamically stable, we chose to first
perform elective revascularization through clean tis-
sue planes before direct surgical treatment of the
infected pseudoaneurysm. After revascularization,
the mycotic pseudoaneurysm in each case was treat-
ed by means of proximal and distal arterial ligation,
with wide local debridement of all necrotic and obvi-
ously nonviable tissue.
The superficial femoral vein (SFV) was harvested
in each case through a continuous curvilinear inci-
Fig 1. A, Duplex ultrasound image of a mycotic pseudoaneurysm of the femoral artery in a
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sion in the thigh, which paralleled the anatomic
course of the superficial femoral artery and vein.
Dissection of the SFV was begun below the area of
clinically evident inflammation or induration in the
groin and continued distally to include the popliteal
vein above the knee when additional length was
required. The superior extent of dissection is typi-
cally to the level of the profunda femoris vein, and
care is taken to preserve this branch. The dissection
and ligation of side branches along the course of the
SFV are tedious, but on completion, a suitable
length of conduit, 8 to 12 mm in diameter, was
obtained in every case (Fig 3).
Revascularization was performed in this series by
using an obturator bypass graft with a reversed SFV
in five cases, with one patient having bilateral obtu-
rator bypass grafting. The proximal external iliac
artery was used for inflow in all cases. The outflow
vessel was the superficial femoral artery in four cases
and the profunda femoris artery in one case; both of
these outflow vessels were exposed by using the
vein-harvest incision. The patient with a mycotic
pseudoaneurysm of the common iliac artery was
treated with a cross-pelvic, ilioiliac bypass grafting
procedure, with a reversed superficial femoral vein.
The one infected pseudoaneurysm of the brachial
artery was revascularized by using a deep vein seg-
ment that was tunneled deeply. In the patient with a
Fig 2. A, Arteriogram of a patient with mycotic pseudoaneurysm of the left common iliac
artery. B, Computed tomography scan and C, arteriogram of another patient with mycotic
pseudoaneurysm of the infrarenal aorta.
A B
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mycotic pseudoaneurysm of the infrarenal aorta, the
superficial femoral vein segment was cut into two
equal lengths and was then fashioned into a pan-
taloon graft, which was used to perform an aortobi-
iliac bypass grafting procedure (Fig 4).
Intermittent pneumatic compression and elevation
of the leg from which the SFV was harvested were
begun in the recovery room. Each patient was fitted
with an external compression stocking before dis-
charge. Postoperative systemic or low-dose heparin
Fig 3. Harvested superficial femoral/popliteal veins. 
Fig 4. A, Intraoperative photograph of the pantaloon graft used to perform an aortobiiliac
bypass grafting procedure in the patient with mycotic pseudoaneurysm of the infrarenal aorta.
B, Postoperative arteriogram of the same patient.
A
B
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was not used. Another venous duplex scan was per-
formed during the first postoperative week and before
discharge. Standard lower-extremity continuous wave
Doppler arterial examinations with segmental pressure
measurements and flow velocity waveform recordings
were performed on all extremities treated, to docu-
ment the hemodynamic efficacy of the arterial recon-
structive procedure. Postoperative arteriograms were
also obtained in all cases in this series.
RESULTS
All seven patients (8 cases) had successful revas-
cularization, without significant complications.
There were no perioperative deaths. All deep vein
bypass grafts were shown to be patent by means of
arteriography, and postoperative distal Doppler-
derived systolic pressure measurements were sys-
temic in all limbs. One patient required operative
drainage of a wound hematoma, but went on to
have an uneventful recovery. During the follow-up
period, which ranged from 1 to 20 months (mean,
7.4 months), there were no amputations and no
episodes of recurrent infection in these patients.
Preoperatively, all deep veins in these patients
were free of acute thrombus, and no venous occlu-
sion or chronic post-thrombotic changes were
noted. These duplex scan findings were confirmed at
the time of operation, and all harvested veins were
successfully used as planned. Preoperatively, the
greater saphenous vein was found to be chronically
occluded or atretic in five of seven limbs. Focal acute
thrombus at the site of the ligated popliteal vein was
typically revealed by means of postoperative venous
duplex scanning. Retrograde propagation was not
observed by means of interval scanning in any of the
patients in this study. Disabling leg swelling in the
harvested limb did not develop in any patient in this
study, and no patient required graduated compres-
sion support stockings during follow-up.
Intraoperative cultures revealed Staphylococcus
aureus in six of seven cases, and two patients had
methicillin-resistant S aureus. Cultures from the
mycotic pseudoaneurysm of the infrarenal aorta
revealed Streptococcus pneumoniae (Table I).
All bypass grafts remained patent during a mean
follow-up period of 7.4 months. Normal distal arte-
rial perfusion has continued to be demonstrated in
each reconstructed limb by means of noninvasive
studies.
DISCUSSION
Mycotic pseudoaneurysms may lead to life-
threatening hemorrhage, limb loss, sepsis, and even
death. The continued increase in drug abuse has
resulted in an increased incidence of this problem,
particularly in high-volume urban centers. In the
drug-abusing population, mycotic arterial pseudo-
aneurysms most often occur because of a missed
venous injection and are typically seen in the groin,
axilla, and antecubital fossa. Controversy exists
about the optimal management of mycotic pseudo-
aneurysms. Accepted strategies include: (1) ligation
of the affected arterial segment and debridement of
all necrotic and infected tissue; (2) ligation and
debridement followed by selective (delayed) arterial
revascularization; and (3) simultaneous ligation,
debridement, and immediate arterial revasculariza-
tion. Because these lesions remain gratifyingly rare,
however, results in all series are based on small num-
bers of patients and may differ significantly for
pseudoaneurysms involving various segments of the
arterial tree (Table II).
Ligation alone without arterial reconstruction has
been recommended by some investigators.1,10,11
Table II. Comparison of results 
Number of Recurrent infection Amputation
Author Year patients Operation rate rate
Berguer and Feldman18 1981 23 Immediate revascularization 22% 17%
30 Selective revascularization 17%
Johnson et al1 1983 28 Ligation 21%
6 Selective revascularization 33% 33%
Reddy et al2 1986 44 Ligation – 14%
9 Selective revascularization 44% 0
Patel et al12 1988 15 Immediate revascularization 7% 7%
Welch et al11 1990 6 Immediate revascularization 83% 0
Padberg et al3 1992 6 Ligation ? 0
12 Selective revascularization ? 25%
Current study 1999 7 Immediate revascularization 0 0
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Padberg et al reviewed an experience with 18 patients
who had mycotic pseudoaneurysms caused by drug
abuse. They concluded that ligation alone was prefer-
able to either delayed or immediate arterial recon-
struction. However, in that series, ligation was per-
formed on only six patients, three of whom had
pseudoaneurysms originating below the femoral
bifurcation.3 Other authors have observed that liga-
tion and debridement of mycotic pseudoaneurysms
that involve the common femoral bifurcation carry a
much greater risk for limb loss than those that
involve the superficial femoral artery or common
femoral artery in which the bifurcation can be pre-
served.2,12,13 Mycotic pseudoaneurysms involving
the bifurcation have been associated with amputation
rates as high as 33%. Even when the resulting limb
ischemia that develops after arterial ligation does not
lead to major amputation, most of these predomi-
nantly younger patients will continue to have claudi-
cation, rest pain, or both. All groin pseudoaneurysms
in our series involved the common femoral artery. It
had been our experience that the arterial wall and soft
tissue destruction from these lesions is much greater
than it appears on preoperative arteriography. It is
generally very difficult to reliably preserve the distal
femoral bifurcation and achieve adequate debride-
ment of an infected arterial wall to ensure suture-line
integrity and avoid the risk of secondary hemorrhage.
Indeed, in the series of Padberg et al, two of the six
patients treated by means of ligation alone required
reoperation for recurrent hemorrhage.3 In addition,
although in situ autologous repair has been used suc-
cessfully,3,13 in the population with substance abuse,
the in situ graft would remain at risk from subse-
quent injection.
It is almost certain that the one patient in our
series with a mycotic pseudoaneurysm of the
brachial artery could have been treated by means of
ligation alone, without the development of critical
limb ischemia. However, the patient’s dominant arm
was affected, and it is likely that symptoms would
have been limiting.
When primary or delayed arterial reconstruction
is elected or is necessary for limb salvage in these
cases, the choice of a conduit is another surgical chal-
lenge specific to this patient population. Damage to
the superficial veins in a prolonged period by direct
injection or skin-popping eliminates the availability
of the greater saphenous vein in many of these
patients, and the greater saphenous vein is generally
the favored conduit for bypass grafting of the extrem-
ities. Five of the seven patients in this series had no
useable saphenous vein. In addition, the saphenous
vein may not be of suitable caliber for reconstruction
of more proximal arterial segments. In most reports,
these clinical factors have led to the use of prosthetic
grafts for delayed or immediate arterial reconstruc-
tion. However, when prosthetic grafts have been
used, there has been a higher risk for reinfection,
which is thought to result from the transient bac-
teremias that may occur with the continued intra-
venous drug use by these patients. Reddy et al
reviewed a series of 44 mycotic pseudoaneurysms
that resulted from drug abuse. Twenty-eight of the
aneurysms involved the femoral bifurcation. Ligation
and debridement was performed on 18 aneurysms,
and 10 pseudoaneurysms had arterial reconstruction.
Even when extra-anatomic routes, such as the obtu-
rator bypass grafting procedure, were used, all pros-
thetic grafts eventually became infected.2 Logically, it
would appear that an autogenous conduit of ade-
quate artery size-match, placed in an anatomically
remote and uninfected route, would provide the
optimal situation for both limb salvage and resistance
to reinfection. In our limited experience, primary
arterial reconstruction by using a deep leg vein
through an extra-anatomic route has performed well.
No patient required a return to the operating room
for recurrent hemorrhage, and there were no graft
infections in the intermediate follow-up period.
Deep veins (superficial femoral and popliteal
veins) have been used for arterial reconstructions in
the past.5,8,14,15 Shulman et al have reported good
success with the deep veins in femoral-popliteal
bypass grafting procedures, with patency rates com-
parable to those of standard saphenous vein recon-
structions.14,15 The current study results are in
agreement with those results, with all deep vein
grafts remaining patent during the intermediate fol-
low-up period. When reconstructions of the aortoil-
iac segments have been attempted with saphenous
vein, they have been prone to failure because of the
development of focal stenoses and intimal hyperpla-
sia. Clagett et al have used deep vein for in situ
replacement of infected aortic grafts and for various
other complex aortic problems. Reinfection rates
have been low, and patency appears to be excellent.8
This experience has been supported by other studies.
Nevelsteen et al used deep vein for in situ repair of
prosthetic infection after aortoiliac surgery. They
reported no reinfections and only one late graft
occlusion among 12 cases.9
Concern about the harvest of deep leg veins for
arterial reconstruction has centered on both the
short- and long-term effects on venous function of
the limb. Deep vein harvest has been reported to be
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well tolerated in nearly all reports.9,15,16 In 116
lower-extremity bypass grafting procedures using
deep vein, Shulman et al reported no late ulceration
or stasis changes and no disability from limb
swelling.14 Similarly, Nevelsteen reported minimal
disability at a mean follow-up of 17 months.9
Clagett found significant limb swelling, requiring
compression stockings, in only 15% of patients.8,16
This finding is similar to those of the reports of
Masuda, Ferris, and Kistner, who have studied the
long-term hemodynamic and clinical effects of SFV
ligation.17 Removal of the superficial femoral and
popliteal veins in the patients in the present study
resulted in no significant early venous morbidity. All
limbs had thrombus formation at the site of venous
ligation, but this did not propagate more extensive-
ly in any patient. Acute phlegmasia did not develop
in any patient. To date, none of our patients have
had significant postoperative leg swelling requiring
treatment or disabling clinical symptoms, such as
venous claudication. No late deep vein thrombosis
below the level of deep vein harvest has been
revealed by means of serial venous duplex examina-
tions (Fig 5).
Fig 5. A, Photograph taken 2 months after left superficial femoral/popliteal vein harvest for
pantaloon graft reconstruction of mycotic pseudoaneurysm of the aorta. B, Venous duplex
examination (performed 2 months postoperatively), by means of which tibial vein patency was
confirmed, in the same patient.
A B
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Ligation and debridement alone for the treat-
ment of mycotic pseudoaneurysms will result in sig-
nificant limb ischemia and potential limb loss, espe-
cially when the common femoral bifurcation is
involved. In a population prone to substance abuse,
the ideal bypass graft should be tunneled remotely,
through uninfected tissue planes, and be of adequate
caliber for direct reconstruction of the native artery
involved. A bypass graft constructed of deep leg vein
can accomplish all these goals with excellent limb
salvage, low rates of reinfection, and low patient
morbidity.
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Dr Luis Sanchez (Bronx, NY). I want to thank the
Society for the opportunity to discuss this paper and the
authors for the opportunity to review it well in advance.
This interesting series of mostly common femoral
mycotic aneurysms or pseudoaneurysms reviews their
aggressive treatment by using immediate arterial revascu-
larization with deep leg veins and debridement of the
infected arterial segment.
The treatment of mycotic aneurysms requires debride-
ment of the infected arterial tissue and often ligation of
major arterial segments. In the past two decades, a variety
of authors has used immediate or selective arterial recon-
structions in this difficult group of patients. Unfortunately,
immediate revascularizations, even through noninfected
tissue planes and with autologous conduit, have been asso-
ciated with high graft-infection rates. On the other hand,
patients who underwent selective revascularization after
arterial ligation and debridement have had associated
amputation rates as high as 30%.
Padberg and associates, in one of the more recently
published series, suggested the use of primary arterial li-
gation and debridement with intraoperative Doppler
assessment to decide which patients require early arterial
revascularization. Ultimately, the best option for these
patients would be complete control of the focus of infec-
tion and maintenance of direct arterial flow, with preser-
vation of the native vessels when possible, or immediate
arterial revascularization.
The authors of this series have combined the aggres-
sive local treatment of the infectious process with immedi-
ate revascularization with deep leg veins. These venous
conduits have been evaluated in the past as a very viable
option for lower-extremity revascularizations by Dr
Shulman and others. More recently, Dr Clagett and other
DISCUSSION
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investigators published a report on the successful use of
deep leg veins for in situ aortoiliac reconstructions in
patients with infected aortic prostheses, with excellent
midterm and long-term results. The authors in this series
have reported excellent early results with deep vein arteri-
al reconstructions in a very difficult group of patients with
mycotic pseudoaneurysms.
I have a few questions for the authors.
How were you treating these patients before you start-
ed this kind of prospective series? And were there any
patients in this period who were treated selectively or just
with ligation, if you thought it was appropriate?
I agree a duplex scan is an excellent means of preoper-
atively evaluating the venous system in these patients. If a
thrombosed or very diseased deep vein had been shown in
any of your patients by means of duplex scanning, what
treatment option would you have suggested: the explo-
ration of the vein for potential use, immediate use of
another conduit such as cryopreserved vein or a prosthet-
ic, or a delayed arterial revascularization?
In most of the patients you have treated, Staphylococcus
aureus was the organism that caused the infection. Would a
different organism change how you would treat the
patients? What is the postoperative antibiotic course you use
to treat these patients, because it is most likely an important
component of the good long-term results in the series.
You also mentioned the use of the profunda femoris
vein as outflow in one of your patients, but this was not
used in most of the patients in this series. Would you be
able to reimplant the profunda when possible in many of
these patients, because this artery is very important for the
long-term perfusion of the patient’s limb if the bypass
graft happens to fail?
You also mentioned that the harvest of the deep veins
was associated with minimal postoperative edema and that
very few or none of the patients had disabling edema. Did
any edema develop in any patient? And what perioperative
treatment did you use to try to limit the problem? You
mentioned the use of compression devices. Did you use
subcutaneous heparin, any of the low molecular-weight
heparins, or some other combination of these to limit
those complications?
Finally, one of your patients underwent an upper-
extremity bypass grafting procedure for a mycotic brachial
pseudoaneurysm. You mentioned the importance of the
mismatch of the conduit and the artery being used at the
beginning of your presentation. In this particular patient,
was there any other conduit available, because the deep
vein seems quite large for a brachial artery? In addition,
did this patient really need a revascularization? Brachial
ligation and debridement is often enough for most of
these patients, because of the rich collateral network.
I enjoyed reviewing your manuscript very much, and I
commend you for your excellent results. Thank you.
Dr Marshall E. Benjamin. Thank you, Dr Sanchez,
for your kind comments.
Your first question had to do with how we treated these
patients previously. The arteriogram I showed with the
mycotic pseudoaneurysm involving the bifurcation probably
was performed within the first month that I started at the
University of Maryland, and having come from Winston-
Salem, where we didn’t really see many of these problems, I
went to some of my senior colleagues and said, “What do
you think we should do here?” The literature is kind of up in
the air about this. I was familiar with Dr Padberg’s and Dr
Hobson’s work. I was also concerned about performing an
extra-anatomic bypass grafting procedure with a prosthetic,
because when I looked up the Detroit study, I saw that even-
tually all their prosthetic bypass grafts, even in the extra-
anatomic route, eventually became infected.
So, we were looking for an autogenous tissue, and we
decided on the deep vein; that was really the first time I had
harvested it. Since that time, all the mycotic pseudo-
aneurysms with which we have been faced have involved the
bifurcation. We have chosen to do immediate reconstruc-
tion. I realize that’s a little controversial. I’m thankful no
one really has a big series of patients like this. However, the
patients in whom you have to perform triple ligation, as I
pointed out in the slide, are the patients who I think really
get into trouble with distal ischemia. The literature is some-
what mixed about that, whether the bifurcation is truly
involved or not. I believe that if you can preserve the pro-
funda-superficial femoral artery communication, you’re
probably going to be okay with just ligation.
Your second question was about what we would do
when the deep vein is diseased. We perform routine
presurgical duplex scanning on all these patients, and I am
thankful that all the deep veins have been usable. There
haven’t been any with deep venous thrombosis or chronic
disease. There have been reports that in approximately 5%
of the patients there can be a profunda dominant system,
in which the popliteal vein drains directly into the profun-
da vein, and in these cases, the profunda vein is generally
dominant and larger. In such cases, Dr Clagett has used
the profunda vein for his reconstructions, but he leaves the
smaller superficial femoral vein intact. 
All our patients’ infections were caused by Staphylo-
coccus, except one. Of the Staphylococcus infections, two
were methicillin-resistant. Surprisingly, the woman with
the mycotic pseudoaneurysm of the infrarenal aorta had
Streptococcus pneumoniae. Our protocol is to routinely
keep all patients on preoperative antibiotics and then,
based on the results of intraoperative cultures, tailor the
postoperative regimens accordingly for approximately 4 to
6 weeks. Dr Clagett’s protocol is a little bit different; he
shortens the course to approximately 2 weeks. I was a lit-
tle reluctant to do that so early in our experience.
Your fourth question had to do with postoperative
edema. As I mentioned, all our patients did have some
mild edema. In the recovery room, we immediately place
an Ace bandage and elevate the limb. We also use sequen-
tial compression devices and give the patients low-dose
heparin. No patient was given systemic heparin. No
patient went home with compression stockings, and no
patient has needed compression stockings or has been lim-
ited in the postoperative period.
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The case involving the upper extremity was an inter-
esting case. That patient had a massive subcutaneous
infection very late. He had a venous duplex scan, by which
no other available conduit was shown, so we decided to
use the deep vein. You are absolutely right that in this case
the artery probably could simply have been ligated, result-
ing in a viable limb. However, the patient probably would
have been limited in upper-extremity activity, so we chose
to revascularize.
Dr Frank T. Padberg, Jr (Newark, NJ). Congratu-
lations, Marshall, for extending this new treatment option
to management of the infected aneurysm. I empathize
with you, because I have had a similar experience. When I
first arrived in Newark, I found several of these cases with
which to deal, but the femoral vein was not considered an
expendable conduit. You have gloriously referred to our
report to this Society in 1989. For situations in which you
might not need to go ahead with bypass grafting, I’d like
to reiterate that the distal brachial artery in particular does
very well with just ligation and debridement. The femoral
aneurysm that did not involve the bifurcation had no
problems with distal ischemia after ligation and debride-
ment either. You’ve accepted this as a secondary option.
Ligation and debridement should not be forgotten,
because the femoral vein is not always available.
For example, venous thrombus was common in our
series and would make a vein a lousy conduit if harvested.
Although you haven’t seen it, I know that you will. Those
cases that used to be in Newark seem to have moved to
Baltimore. I thank you for taking these “referrals.”
Local compression was another complication that
resulted in permanent nerve damage in a substantial per-
centage of these patients. Did you see this? And if you did,
how might it have influenced your treatment?
I also have a question about other sites at risk.
Recreational drug users in Newark would occasionally
attempt injections in the cervical or popliteal space. Have
you encountered this?
Finally, a comment about a term that we’ve all perpetu-
ated, “mycotic aneurysm.” It is probably inappropriate for
this use, and I would like to encourage us all to stop using it.
Thank you.
Dr Benjamin. Thank you, Dr Padberg. You’re
absolutely right, the term mycotic aneurysm, I guess, orig-
inated in Baltimore by Dr Osler, and we have tried to get
away from it. However, it is still used quite extensively
throughout the medical literature.
We have seen some nerve compression, but none of
the pseudoaneurysms had frank nerve involvement. I
know that in your series there were a couple patients in
whom you even had to resect the nerve because it was
necrotic, but we haven’t seen this.
That brings up another point that you made about the
extent of the soft tissue infection. When we made our har-
vest incision through the curvilinear incision in the medi-
al aspect of the thigh, it was important to preserve the pro-
funda vein. Drs Clagett and Shulman have both made that
point. We didn’t have any patients in whom the soft tissue
infection encroached on that region, so we were able to
perform all the dissection through clean planes. If we had
been unable to do this, I believe we’d try and go down a
little further on the popliteal vein. This can be a difficult
dissection, but we’ve done it when we needed additional
length. About your question of pseudoaneurysms in other
areas: We haven’t seen any carotid pseudoaneurysms or
anything like that. 
Dr Matthew J. Dougherty (Philadelphia, Pa). We
haven’t had too many of these cases at Pennsylvania
Hospital, but my partner recently treated a patient who
picked up a really nasty pseudomonas in Borneo that
caused a mycotic aneurysm of the subclavian artery, and
he used this technique to replace it and got a beautiful
result. Approximately 6 weeks later, the patient came back
with the graft completely blown out and was far worse off,
actually needing an operation on circulatory arrest to save
his life.
These are kind of malignant infections, although
they’re Staphylococcus aureus in general, and I think Dr
Clagett’s data on infected grafts may not necessarily per-
tain to these. Do you think that these reconstructions are
still at significant risk for later recurrence and hemorrhage?
It looked to me, from pictures, like these reconstructions
were still contiguous with the area of infection.
Also, do you have any experience with or thoughts
about the use of allografts?
Dr Benjamin. Realizing that we have a small series of
patients overall, we feel pretty confident with the tech-
nique. We’ve kept these patients in the hospital for quite
some time, however, and although follow-up is a little
tricky, a fair amount of these patients have come back. I
think that this is a pretty durable technique to be used in
the setting of an infected field. Dr Clagett certainly feels
strongly about that. He has put the deep vein in an area
that’s bathed with pus and has a whole cadre of organisms
that he’s seen in his experience, some very virulent. As I
said, he gives most of his patients antibiotics for 2 to 4
weeks. That is with the caveat that aggressive debridement
of the area is necessary. The groin is certainly an easy area
to debride, and I guess the retroperitoneum and aorta are
as well. I’m not so sure about the subclavian region and
how easy it is to really get an adequate debridement. I
believe this is really a key feature.
Dr Doughety. And as far as the allograft is concerned,
no temptation to take something off the shelf?
Dr Benjamin. I haven’t. I know that Dr Williams,
across town in Baltimore, has used aortic homograft for
some infections in a limited series and has had pretty
goods results. I have no experience with that.
Dr Steven P. Rivers (Bronx, NY). I enjoyed this pre-
sentation very much. I think you alluded to it in the dis-
cussion a minute ago, but I’m still confused about the
absolute necessity of using a remote bypass grafting pro-
cedure, as opposed to an in situ bypass grafting procedure,
because, at least for the infected aortas, there has been
some data to show that in situ replacement works.
Also, was the greater saphenous vein just presumed in
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all cases to be diseased? Was it documented to be diseased?
Or was it just simply your preference right from the start
to use the deep veins? Would you use the greater saphe-
nous vein if it was documented to be undiseased by means
of noninvasive preoperative studies?
Dr Benjamin. The saphenous vein was known to be
occluded or atretic preoperatively in five of the seven
patients. We did preoperative duplex mapping, so we knew
that. I probably would not use it, even when I had it avail-
able. The reason is, Dr Clagett has shown that in aortoil-
iofemoral reconstructions, the saphenous performs poorly.
In his experience, it usually fails from a series of multiple
stenoses or diffuse intimal hyperplasia.
As far as performing a direct in situ repair, the reason
that I think it needs to be remote is so that it’s inaccessi-
ble for this patient population. I think that if you leave this
big graft in situ, the patient who is a substance abuser
might be tempted to use it.
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